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THIRD BODY CALIBRATION LOGIC FOR THE EARTH-CENTERED
CONIC ABORT SUBPROCESSOR OF THE RETURN-TO-EARTH
ABORT PROCESSOR

By 5. W. Wilson, Jr.
SUMMARY AND INTRODUCTION

The enclosed flow chart of the subroutine VUP2 constitutes the
conic three-body calibration logic for the earth-centered conic sub-
processor, reference 1. This subroutine is to be included in the block
labeled "Store solutions" on page 17 of reference 1. The logic presented
here replaces that which was defined in reference 2. Black bars in
the margin indicate the area of change.

The logic specified in reference 1 is intended for the near-earth
maneuvers. The enclosed logic extends the region of acceptable analytic
solutions so that the processor can be used for maneuvers where the
lunar perturbations on the conic solution are appreciable. The original
model, reference 3, was developed for the purpose of improving the
accuracy of the fuel requirements (AV) computed from a conic solution.
The enclosed logic extends that in reference 3 and improves the accuracy
of that in reference 2.

DISCUSSION OF THE FLOW CHART

On the fourth page of the flow chart is a test comparing the
magnitude of sin n (where n is the true anomaly ) against the tolerance,
TRUBLE. The purpose of the test is to avoid computational difficulties
in the region where true anamoly is nearly 180°. As n approaches 180°
the last two terms, named TERM, in the partial derivative %%-should
vanish. Thus, whenever |sin n| is less than the tolerance, TERM is not
computed but set equal to zero. The value of TRUBLE is a function of
the precision of the computations and thus should be adjusted for the
particular computer. An initial value determined for single precision
of the IBM TO9L is 0.1°.




where

The subroutine is called as follows.

Subroutine VUP2 (RB, VB, Tar, Br, RMOON, T BC)

Abort’ v

RB is the position vector at abort

VB is the conic post abort velocity vector

Tar is the flight time from abort to reentry

Br is the path angle at reentry

RMOON is the position vector of the moon at abort time

TAbort is the time of abort

VBC is the postabort velocity calibrated to include the lunar
third body effect

Return with VBC.

Symbols not defined here or in the flow chart are defined in

reference 1.
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R = |RB|

V = |VB|
= (R)(V)

Z2 =RB - VB

B = cos™H(22/21)

A = (pe)(R)/(2te - (21)(V))
= (21 sin(p))ue
=/ - F/A

cos (1) = (P/R - 1)/E

HANG = RB x VB

@

cos(n) = 1
Y
éos Ti::iy/_ ES
1cos(Tl) = -1
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stn(M) = SIGN[YL - cos2(T), 22]

N = ATAN2[sin(T), cos(N)]
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Flow chart l.-Subroutine VUP2..




Rp = A(1 + E)

R = RMOON - RB

EAA = arccos[(1.- R/A)/E]
AMAA = EAA - E sin (EAA)

TAA = Avh/ue (mr - AMAA)

Call ephemeris routine with
+ TAA) and return

with RMAP, R vector of moon.

[

8 =m-T-8

VB sin 8
v 8 " =0np

RAPOG = Rp

RBARAP = RMAP - RAP(@G

[

VB

v

ZIT = SIGN[1.0,(RAP@G x RMAP e HANG)]

RCAPAP = |RBARAP|

Reap = |R|

Rm = |RMOON|

RB'R _ EE-RM@ﬁ:J
3 3
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(Rcap)(RCAPAP)

/3

Flow chart l.-Subroutine VUP2 - Continued.




©
|

AT = ~.012299_896(3/~/;5) EAZ A1 -‘cos‘(n) (2 FXB - FK)
8T =.012299896({2> fue) cos ™ ((1-R/A)/E) [FK - (1-3A/R)

+ 34(1/Rn - 1/Reap + R/Rn>))

CPSPV = R - RB/(Reap R)

AT = CPSPV (AT + ATL)
72 20\ 1ES ,
'..
' NO : {I?u]
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) ‘<::£:g:;ézg:::>>
- NO

\ ' . YES

Tr = 22 + 1.3k (35.6 - R)

NO Y

l |t = 1.555 (50.7 - R)
Tr = 14.0 + 1.31 (41.7 - R)

E

Flow chart 1.-Subroutine VUP2 - Continued.




AT = -1.60 + .0930(Tar - Tr) - .001570(Tar - Tr)?

Tarn = 59. - 1.4L56(R - 30.)

YES

Tarm2 = Tarm - 8.
AT = -.027778(Tar - Tarm2)

YES

NO .AT.= 0.

YES

sin(7)| < TRUBL

TERM

" 73 = P cos{()
Ezsin('ﬂ)

. ITERM = 2R/cos(B) + R sin(B) Z3(1./A-V2/ue)

/s

Flow chart l.-Subroutine VUP2 - Continued.




AT/AR = 8% V sin B cos T/(en,)
AT/AV = (A/be)(3V(Tar-aT) + TERM)
ABr/aB = tan(Br)/tan(B)

2 .
iy AV = tan(Br) _ v
8pr/ v\ Woemesr ik

= ABr _ AT ABr
D =(aT/8V) 505 - &5 “av

av =(a1/n) 482

AB =(-AT/TX ABr/avV)

) ue>

AT =‘AT/CQSPV - ATL

D = aNaer/ (%)

1 = tan " (sin()/cos(M) - Do
DUM = A/R :

DIM2 =cosXT) - 4(DUM - D)

Flow chart 1l.-Subroutine VUP2 - Continued.




es = (-cos(T) + VDUi2) /20U
gess = (-cos(T) - JDUM2) /( 2DUM)

ess - e|<|es - e]

H

[Ees = Vﬁ/A -1 J

1
' Ps = A(L - £s2)
" h = ViePs

. Sps = L/(RV)

i Bs %’sin-l(SBs)

- pLReT = - |Bs - B|2IT
AB = AB + DLBeT

COB = cos(AB)/V

71 = sin(4B)/sin(B)

22 = cos(B)/V

V=V+aAv A

VBT =V(VB(cDB) + 21[(22)VB - RB/R])

|
‘ RETURN. )

Flow chart 1l.-Subroutine VUP2 -~ Concluded.
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